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Abstract: In this study the author has been made an attempt using RUSLE equation in two different cases 
by considering L and S factors used in the equation. The present study demonstrated the discrimination 
of soil erosion losses with different slope length and steepness factors by the application of RUSLE 
equation to assess Average Annual Erosion of the Gumani watershed. The utility of high resolution DEM 
data to derive topography factors of Slope length (L) and Slope steepness factors (S). Preparation of land 
use land cover map is an important component while computing the land cover management factor and 
erosion control practice factor for soil loss estimation. The results showed that the Gumani watershed has 
an average annual soil loss grid value upto 40 t/ha/yr of case 1 and a huge variation of Soil erosion in case 
2 as the maximum grid value obtained 1160 t/ha/y. In both the cases the maximum area contributing to 
soil erosion from urban and fallow lands. However the steepness of slope factor(S) is higher in case of 
separate ‘S’ factor calculation leads to higher occurrence of erosion losses take place.  
Keywords: RUSLE, DEM, Slope steepness factor, Average Annual Soil Erosion 
I. INTRODUCTION 
In India it is estimated that water erosion causes 
damage on 113.3 million hectares threatening 
productivity and the fertility of the soil (P.Kumar, 
2004). Soil erosion by water is the most important 
type of soil degradation occupying 56 percent of 
the world wide area affected by human-induced 
soil degradation whereas the area affected by wind 
erosion occupies 28percent of the degraded terrain 
mainly occurring in Asia and Africa (Z.G.Bai et al., 
2008). The soil erosion leads to the reduction of 
land/soil quality, loss of topsoil, and decrease in the 
content of soil organic matter and thereby to the 
loss in crop yield as it relates to high runoff rates 
and low soil permeability which in turn results as a 
decrease in infiltration which leads to less water 
availability for the crops (R.Lal et al 2001). The 
watershed prioritization and formulation of proper 
watershed management programs for sustainable 
development require information on watershed 
sediment yield (A.Pandey et al, 2007). However, 
due to the complexity of the variables involve in 
erosion process, it becomes difficult to measure or 
predict the erosion in a precise manner. The remote 
sensing data provide accurate, and near real time 
information on the various aspects of watershed 
such as land use/land cover, physiography, soil 
distribution, drainage characteristics, etc. The GIS 
and Remote Sensing provide spatial input data to 
the model, while the RUSLE can be used to 
estimate the soil erosion from the watershed. 
Earlier studies (R.K.Saxena et al, 2000) revealed 
that RS and GIS techniques are of great use in 
characterization and prioritization of watershed for 
soil erosion. To assess soil erosion, several 
empirical models based on the geomorphological 
parameters were developed in the past to quantify 
the sediment yield (N.Misra et al, 1984). The 
Revised Universal Soil Loss Equation (RUSLE) 
uses the same empirical principles as USLE, 
however it includes numerous improvements, such 
as monthly factors, incorporation of the influence 
of profile convexity/concavity using segmentation 
of irregular slopes, and improved empirical 
equations for the computation of LS factor 
(K.G.Renard et al, 1991). The RUSLE model 
application with GIS allows for analyzing soil 
erosion in detail since the process has a spatially 
distributed character. This provided better 
computation of land cover and management factor 
as well as erosion control practice factor to deduce 
the effect of vegetation, erosion control practices 
for soil loss which otherwise cannot be assessed 
accurately by the coarser resolution satellite data. 
The ASTER DEM was used for computing the 
flow accumulation and the slope length (LS) factor 
with adequate precision. Thus, the present study is 
based on the application of GIS by using the 
RUSLE model for soil erosion estimation in the 
select watershed near Gumani. The ArcGIS 
Desktop software was used to create the relevant 
thematic layers for the application of RUSLE 
Model. 
II. STUDY AREA 
River Gumani rises near Singarsi village at an 
elevation of RL 520 m from the southern part of 
Rajmahal hills in Godda district. River Gumani 
traverses 120.9 km in Jharkhand, 4.5 km along 
Jharkhand – West Bengal border, and 1 km in the 
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state of West Bengal before it joins with the Ganga. 
Its main tributaries are Darmonala, Morang or 
Mural river. Gumani river basin is situated between 
latitudes 24° 40’ N and 25° 28’ N and longitudes 
87° 31’E and 88° 10’ E. The total catchment area 
of Gumani basin upto its confluence with river 
Ganga is about 2271.9 sq. km of which 2000 sq. 
km is in Sahebganj district and the remaining 271.9 
sq. km in Godda district.  
 
Fig. 1  Location map of the Gumani Watershed 
Kuruki nala is a minor tributary of river Gumani, 
originating near Paharpur village, and flows in 
northerly direction before it meets Gumani.  
Kewari nala another perennial tributary of Gumani 
originating near Udali village. Further Gumani 
flows towards north-east and meets river Mural at 
Berhait valley and finally it meets with river 
Ganga. Fig. 1 shows the location map of the study 
area. 
III. MATERIALS AND  METHODOLOGY 
In the present study, average annual soil erosion 
rates were estimated based on RUSLE in GIS 
environment using ArcGIS 9.3 and ancillary data 
using ERDAS Imagine 9.2, along with tool kits 
from ArcGIS spatial analyst. Indian Meteorological 
Department-Pune, supplied Rainfall data for about 
30 years from 1975 to 2004, for calculation of 
rainfall erosivity factor (R) in ArcGIS environment. 
An ASTER DEM was downloaded from internet to 
prepare slope length (L) and steepness factors (S) 
respectively. And the soil data was acquired Soil 
Map of South Asia which was prepared by Food 
and Agricultural Organization (FAO) based on the 
1: 5,000,000 topographic map series of the 
American Geographical Society of New York to 
prepare soil erodability factor (K). Landsat, TM, 
November 2009 satellite image utilized to prepare a 
Land use/cover map, from which, C factor and P 
factor maps were prepared for the Gumani 
watershed. 
Many accurate soil erosion models were developed 
over the last four decades to assess soil erosion risk 
at different levels single slope, river/wadi 
catchment, regional and global scales  
(V.Prasannakumar et al, 2012). Among these, the 
Universal Soil Loss Equation (USLE) 
(W.H.Wischmeier, 1978), European Soil Erosion 
Model (EUROSEM) (R.Morgan et al, 1998), Soil 
Erosion Model for the Mediterranean Region 
(SEMMED) (S.De Jong et al, 1999), Water Erosion 
Prediction Model (WEPP) (J.A Scough, et al 
1997), the Soil and Water Assessment Tool 
(SWAT) (J.G.Arnold et al, 1998), and the 
Chemicals, Runoff, and Erosion from Agricultural 
Management Systems (CREAMS) (R.P.Rudra et 
al, 1985). 
The Revised Universal Soil Loss Equation 
(RUSLE) is frequently used to estimate the 
magnitude of soil erosion loss from watershed 
areas, the spatial distribution of soil erosion 
severity, and delimiting sites vulnerable to soil 
erosion for both agricultural and forested 
watersheds (V.Prasannakumar et al, 2011). 
However, the RUSLE model has several 
advantages like, a) it is easy to implement and 
understand from a functional perspective 
(W.H.Wischmeier, 1978), b) It is compatible with 
the Geographic Information System (GIS), and c) 
the data requirements to implement the model are 
not too complex or un attainable especially in a 
developing country (A.Millward et al,1999). 
Although RUSLE adopted the same empirical 
principles and the fundamental structures as the 
USLE model, substantial modifications of the 
USLE were carried out which cover all aspects of 
the model to assist with computations and wider 
applications especially in developing countries. 
New term values, corrections, factor algorithms, 
slope morphology, and elaborated approaches for 
calculating the parameters of the model were 
introduced. It accommodates more accurate 
methods to estimate of rainfall erosivity (R), soil 
erodibility (K), slope length and steepness (LS), 
land cover management (C), and conservation 
practice (P) factors (K.C.Bhadur, 2009). However, 
the watershed heterogeneity (i.e. variations in soil, 
land use/cover, topography) and spatial rainfall 
variability led to a prominent variation in the 
predicted soil loss, therefore, the RUSLE model is 
normally executed in conjunction with a raster-
based GIS, to predict erosion potential on a cell by 
cell basis (K.C.Bhadur, 2009). The RUSLE model 
was developed as an equation representing the 
main factors controlling soil erosion, namely 
climate, soil characteristics, topography, and land 
cover management. The equation is expressed as: 
A = R * K * LS * C * P 
A= computed annual soil loss per unit area 
[ton/ha/year].  
R = runoff erosivity factor (rainfall and snowmelt) 
in [MJ mm/ha/hr/year]  
K = soil erodibility factor (soil loss per erosion 
index unit for a specified soil measured on a 
standard plot, 22.1 m long, with uniform 9% 
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(5.16°) slope, in continuous tilled fallow) 
[ton·ha·hr/ha/MJ/mm].  
L = slope length factor (ratio of soil loss from the 
field slope length to soil loss from standard 22.1 m 
slope under identical conditions) (dimensionless).  
S = slope steepness factor (ratio of soil loss from 
the field slope to that from the standard slope under 
identical conditions) (dimensionless).  
C = cover-management factor (ratio of soil loss 
from a specified area with specified cover and 
management to that from the same area in tilled 
continuous fallow) (dimensionless).  
P = support practice factor (ratio of soil loss with a 
support practice contour tillage, strip cropping, 
terracing to soil loss with row tillage parallel to the 
slope (dimensionless). 
The detail of the above mentioned factors and their 
effect on soil erosion processes are discussed below 
and the flowchart of methodology is shown in Fig. 
2. 
 
Fig. 2 Flow chart of Methodology 
IV. PREPARATION OF RUSLE FACTORS 
4.1  Rainfall Erosivity Factor (R) 
R factor is the quantitative expression of the 
erosivity of local average annual precipitation and 
runoff causing soil erosion. It is a measure of the 
erosive force of a specific rainfall. R-value is 
greatly affected by the volume, intensity, duration 
and pattern of rainfall whether for single storms or 
a series of storms, and by the amount and rate of 
the resulting runoff. Differences in the R factor 
reflect differences in precipitation patterns between 
regions. Areas with low slope degree have low 
erosivity R values which imply that flat areas 
would increase the water ponding on the surface, 
thus protecting soil particles from being eroded by 
rain drops. Large numbers of R factor indicate 
more erosive weather conditions. A period of 20 - 
25 year is recommended for computing the average 
R (A.Millward et al, 1999). The equation (1) for R-
factor developed for the Damodar valley area in 
Jharkhand, India (R.Babu et al, 2004) is used in the 
present study, because the present study area is 
near by the vicinity. A 30 years (1975-2004) 
rainfall data from 4 rain gauge stations utilized out 
of which one station  i.e Sundarpahar  is within the 
Gumani watershed, remain 3 are just outside of the  
watershed. 
R = 81.5 + 0.375 * r (340 ≤ r ≤ 3500 mm)                         
Eqn………….(1) 
Where, r = Mean annual rainfall in mm  
In terms of GIS layers, each weather station was 
represented by a point. The Inverse Distance 
Weighted (IDW) interpolation method was used to 
generate a raster map for R factor as shown in 
Fig.3. 
 
Fig. 3  Rain Erosivity Factor (R) Map 
4.2   Soil Erodability Factor (K) 
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Soil Erodability Factor expresses the soil 
susceptibility to detachment and transport of soil 
particles (grains or crumbs), under an amount and 
rate of runoff for a specific rainfall, measured 
under standard plot. The K factor is rated on a scale 
from 0 to 1, where 0 refers to soils with least 
susceptibility to erosion and 1 refers to soils which 
are highly susceptible to erosion by water. 
Generally, soils become of low erodibility if the silt 
content is low, regardless of corresponding high 
content in the sand and clay fractions (P.Mhangara 
et al, 2012). The K factor is influenced by intrinsic 
soil properties related to soil profile parameters 
such as: percent silt (0.002 - 0.1 mm), percent sand 
(0.1 - 2 mm), percent organic matter, soil structure 
and permeability (G.Fu, S.Chan et al, 2006). Soil 
types in the study area were identified from the 
Food and Agricultural Organization (FAO) to 
generate GIS layer. It is important to generate 
digital maps of soil properties, therefore prepared 
Soil Erodability Factor map to apply in the RUSLE 
model as shown in figure 4. 
 
Fig.  4  Soil Erodability Factor (K) Map 
4.3 Combined Slope Length and Steepness Factor 
(LS) 
The (LS) factor expresses the effect of local 
topography on soil erosion rate, combining effects 
of slope length (L) and slope steepness (S). Thus, 
LS is the predicted ratio of soil loss per unit area 
from a field slope from a 22.1 m long, 9% (5.16°) 
slope under otherwise identical conditions. The 
Digital Elevation Model (DEM) with a resolution 
of 30 m was used to calculate L and S parameters. 
The DEM was downloaded from ASTER web site 
from internet. The following equation was adopted 
to compute the LS factor map (H.Mitasoya et al, 
1996): 
Pow([flowacc] * resolution / 22.1, 0.4) * 
Pow(Sin([slope] * 0.01745) / 0.09, 1.4) * 1.4 
Eqn……………..(2) 
 Where : 
 Slope :    Slope map derived from DEM 
 Flowacc:Flow Accumulation map derived from 
flow direction map 
The spatial analyst toolkit of the GIS software was 
used to generate raster layers of slope gradient 
(degrees), and from the hydrology toolkit the flow 
direction and then the flow accumulation were 
calculated. The output layers were then used in the 
GIS raster calculator interface to generate the map 
of LS factor based on the equation (2) above.  The 
map obtained by the application of equation (2) 
shown in figure 5. & 6 
 
Fig.  5  Combined ‘LS’ factor Map 
4.4 Separate Slope Length Factor (L) and 
Steepness Factor (S) 
4.4.a  Slope Length Factor, L 
As the slope length L increases, the total soil loss 
and soil erosion per unit increase as a result of 
progressive accumulation of runoff in the down 
slope. Equation (3) used to Calculate Slope Length 
Factor 
(http://gisedu.colostate.edu/webcontent/nr505/ethio
pia/group4/GIS%20Analyses.html) 
  Eqn….. …………….(3) 
4.4.b   Slope Steepness Factor, S 
 As the slope steepness increases, the soil erosion 
also increases as a result of increasing the velocity 
and erosivity of runoff. Equation (4) used to 
calculate Slope Steepness Factor (S) 
(http://gisedu.colostate.edu/webcontent/nr505/ethio
pia/group4/GIS%20Analyses.html). 
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The resultant map obtained by the application of 
equation (4) which is shown in figure 6. 
 
 Eqn….…………………..(4) 
 
Fig.  6  Separate ‘S’ factor Map 
4.5   Crop Management Factor, C 
The crop management factor expresses the effect of 
cropping and management practices on the soil 
erosion rate, and is considered the second major 
factor after topography, which controls soil erosion 
(K.G.Renard et al, 1997). Thus it has a relation 
between erosion on bare soil and erosion observed 
under a cropping system. An increase in the cover 
factor indicates a decrease in exposed soil, and thus 
an increase in potential soil loss. The attribute table 
in Arc GIS was used to reclassify the land 
use/cover map (LU/LC) according to its C values. 
In the present study the C- factor values were 
assigned for the land cover and management 
factors to each corresponding LU/LC classes, the 
values of which have been assigned from already 
available experimental value as utilized in earlier 
studies (Y.P.Rao et al, 1981). Spatial distribution of 
C-factor map is shown in Fig. 7. 
 
Fig. 7  Crop Management Factor (C) Map 
4.6   Conservation Practice Factor (P) 
Conservation practice factor in the RUSLE model 
expresses the effect of conservation practices that 
reduce the amount and rate of water runoff, which 
reduce erosion. A “P factor” map was derived from 
the land use/ Land cover map, and each value of P 
was assigned to each land use/cover type and slope 
(A.Pandey et al, 2007). The attribute table in 
ArcGIS has used to reclassify the land use/land 
cover according to its‘P’ value. P-factor map which 
was prepared similar to ‘C’ factor map. The spatial 
distribution of P-factor map is shown in Fig. 8. 
 
Fig.  8  Conservation Practice Factor (P) Map 
V. RESULTS AND DISCUSSIONS 
After completion of preparation of all the RUSLE 
parameters in terms of map layers the maps were 
converted from vector to raster format keeping the 
projection and cell size uniform. The maps were 
then overlaid in raster calculator using the RUSLE 
Equation separately in 2 cases as fallows. 
CASE 1: Application of RUSLE equation by 
considering slope length (L) and steepness factor 
(S) combined together. In this case the results 
showed that the Gumani watershed has an average 
annual soil loss reaches a grid value upto 40.66 
t/ha/yr. The maximum erosion take place near the 
urban areas and in river channel portions. Avery 
low erosion takes place in semi deciduous forest 
region. Medium erosion takes place in dense forest 
and fallow land portion as shown in Fig. 9  
It is also observed that large portions of plain areas 
with least steepness of slopes contribute almost nil 
soil loss of the watershed. This is observed 
particularly in those places where there is semi-
deciduous forest closer to the stream channels 
under least slopes of the area with medium soil 
erosion losses takes place. As per the results 
obtained from this study particularly in this case 1, 
indicated that the soil losses are comparatively 
lower (less than 10 t/ha/yr) under land use types, 
such as forest, and are higher (40.66 t/ha/yr) in 
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areas under urban, and river portions of the study 
area. 
 
Fig.  9   Average Annual Soil Erosion Map from 
RUSLE Model for case -1 
CASE 2: Application of RUSLE equation by 
considering slope length (L) and steepness factor 
(S) separately. In this case the results showed that 
the Gumani watershed has an average annual soil 
loss reaches a grid value upto 1067.06 t/ha/yr. The 
maximum erosion takes place near urban areas and 
also in river channels portions similar to the 
erosion takes place as in case 1. A very low erosion 
takes place in semi deciduous forest and dense 
forest regions. Medium erosion takes place in 
dense forest and fallow land portion. The area 
covered with fallow land subjected a medium to 
high erosion as shown in Fig. 10 
 
Fig  10  Average Annual Soil Erosion Map from  
RUSLE Model for case -2 
In addition to that, it is also observed that large 
portions of plain area having a very little and 
minimum steepness also contribute to the soil loss. 
In Gumani watershed with least steepness areas 
contribute almost no erosion prone areas. This is 
observed particularly in those places where there is 
semi-deciduous forest closer to the stream channels 
exhibiting a minimum erosion takes place. As per 
the results obtained from this study indicated that 
the average anal soil losses reaches a lower grid 
values (less than 600 t/ha/yr) under land use types, 
such as semi-deciduous forest and dense forest, and 
are maximized grid values (1067 t/ ha/yr) in areas 
under urban, and river channel portions of the study 
area. 
VI. CONCLUSIONS 
In the present study, the RUSLE model adopted 
considering slope length and steepness factors are 
key factors to discriminate the average annual soil 
loss in the Gumani watershed by running the model 
under 2 cases as figures shown in. The average 
annual soil loss in the Gumani watershed using the 
RUSLE method was found that a tremendous 
variations between combined LS factor and 
separated L and S factors. The steepness of slopes 
occurs in case of separate slope length and 
steepness factor, i.e in case 2, because of the 
equation for separate ‘S” factor indicating the 
double consideration of slope of the catchment 
itself. Though there is a huge variations in the grid 
values rate, similarity in occurrence of erosion in 
the same Land use /Land cover regions. The high 
rate of erosion takes place in urban and river 
portions of the catchment in both cases. Similarly 
low erosion takes place in forest regions and 
medium erosion occurred in fallow land for both 
cases. The maximum area contributing to soil 
erosion was however from the central region and 
the southern region of the watershed comprising of 
urban fallow lands where rain-fed cropping is 
practiced. In the regions where agriculture is 
practiced, soil conservation methods such as 
terracing, bunding, agro-forestry techniques, crop 
rotation, and other biological and physical 
techniques of soil and water conservation methods 
must be adopted. The use of GIS, and remote 
sensing technonology reveals that the accurate 
determination of the spatial distribution of the 
RUSLE parameters and the utilization of 
conventional methods are time consuming, and 
costlier to create a database. Therefore Remote 
Sensing and GIS can play significant role in 
generation of input parameters for inaccessible 
areas of the watershed where ground based 
observations are difficult for the soil erosion 
modelling. 
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